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ABSTRACT
Objective: As a result of conflicting, inadequate or controversial data in the literature, several issues concerning the
management of patients with abdominal aortic aneurysms (AAAs) remain unanswered. The aim of this international,
expert-based Delphi consensus document was to provide some guidance for clinicians on these controversial topics.

Methods: A three-round Delphi consensus document was produced with 44 experts on 6 prespecified topics regarding
the management of AAAs. All answers were provided anonymously. The response rate for each round was 100%.

Results: Most participants (42 of 44 [95.4%]) agreed that a minimum case volume per year is essential (or probably
essential) for a center to offer open or endovascular AAA repair (EVAR). Furthermore, 33 of 44 (75.0%) believed that AAA
screening programs are (probably) still clinically effective and cost effective. Additionally, most panelists (36 of 44 [81.9%])
voted that surveillance after EVAR should be (or should probably be) lifelong. Finally, 35 of 44 participants (79.7%) thought
that women smokers should (or should probably/possibly) be considered for screening at 65 years of age, similar to men.
No consensus was achieved regarding lowering the threshold for AAA repair and the need for deep venous thrombosis
prophylaxis in patients undergoing EVAR.

Conclusions: This expert-based Delphi consensus document provides guidance for clinicians regarding specific unre-
solved issues. Consensus could not be achieved on some topics, highlighting the need for further research in those
areas. (J Vasc Surg 2025;81:483-92.)

Keywords: Abdominal aortic aneurysm; EVAR; Perioperative mortality; Delphi; AAA; Open surgical repair
Despite the release of Clinical Practice Guidelines by
both the Society for Vascular Surgery (SVS)1 and the Eu-
ropean Society for Vascular Surgery (ESVS),2 the data
for some topics in the management of patients with
infrarenal abdominal aortic aneurysms (AAAs) is inade-
quate, conflicting, and/or controversial. In the recent
2024 ESVS2 guidelines, 474 new references published be-
tween 2019 and 2023 were used compared with the 2019
ESVS AAA guidelines,3 including 16 primary or secondary
analyses from randomized controlled trials (RCTs), 106
systematic reviews and/or meta-analyses, and 84 studies
based on vascular registries or quality initiative programs.
Despite this new evidence, only 10 of 160 recommenda-
tions (6%) were based on Level A evidence, of which 5
were Class I and 2 were Class III.2 As many as 112 (70%)
recommendations were limited to Level C evidence or
committee consensus, illustrating the overall insufficient
level of evidence regarding many issues concerning the
management of patients with AAAs.
Owing to the lack of robust evidence, several questions

remain unanswered. The aim of this international,
expert-based Delphi consensus document was to sum-
marize the available evidence on some of these controver-
sial issues and to provide some guidance to clinicians
dealing with these issues in everyday clinical practice.

METHODS
An international, expert-based Delphi consensus docu-

ment was prepared in accordance with the Conducting
and Reporting Delphi Studies Checklist.4 A total of 44 ex-
perts (15 from the United States and 29 from Europe)
were invited to participate. All participants had
$10 years of relevant clinical experience in the manage-
ment of AAA patients and proof of relevant academic
expertise, as documented by relevant publications on
PubMed/MedLine.
After a search on PubMed/Medline and after receiving
feedback from the Delphi participants, a total of six
controversial topics were identified (Fig). A total of three
rounds were undertaken. During round 1, the participants
provided an initial response to each of the identified
topics. All responses were answered in prespecified
seven-answer format (yes e probably yes e possibly yes
e uncertain/unknown/unproven/no opinion e possibly
no e probably no e no). During round 2, all participants
were asked the same questions after being provided
with relevant articles from the available international liter-
ature (Appendix, online only). After the first version of the
manuscript was circulated among the group, all partici-
pants were asked to finalize their responses (round 3). All
participants provided their responses to all three rounds
of the Delphi consensus document. Consensus was
reached when $70% of the participants agreed on a
response showing preference for a specific approach (eg,
yes/probably yes or no/probably no). The $70% threshold
has been used in similar Delphi consensus documents in
the literature.5-9 The participants had 2 weeks to provide
their responses during each round.
The response uncertain/unknown/unproven/no opinion

included one or more of the following:

a. The evidence supporting or refuting a particular ques-
tion is inadequate, controversial, or conflicting, and/or

b. The participant does not think that either a positive or
a negative response is possible to answer a specific
question, and/or

c. The participant does not feel that one of the available
answers can fully cover the topic.

All responses were collected anonymously. To avoid any
potential bias, no participant was identified or was made
aware of the identity of the comments by another mem-
ber of the panel. No discussion of the results was



• Q1: Should the size threshold for elective AAA repair be lowered to 5.0 cm for male and 

to 4.8 cm for female patients in the endovascular era?    

• Q2: Are AAA screening programs still clinically effective and cost-effective today?  

• Q3: Is prophylaxis for deep venous thrombosis needed for patients undergoing EVAR?  

• Q4: Should there be a minimum case volume for a center to offer open AAA 

repair/EVAR?  

• Q5: Should surveillance after EVAR be lifelong?  

•  Q6: Should women smokers be screened for AAAs at 65 years of age similar to men?  

Fig. The topics of the questionnaire for the Delphi consensus
document on abdominal aortic aneurysms (AAAs). EVAR,
endovascular abdominal aortic aneurysm repair.
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permitted between the Delphi consensus participants.
Only the Delphi consensus coordinator (K.I.P.) was aware
of each participant’s identity and responses.
RESULTS
A consensus by $70% of the participants was achieved

in some topics, but not in others. Overall, 40 of 44 partic-
ipants (91%) modified their response in at least one of the
topics from round 1 to round 2 or from round 2 to round 3
(eg, from probably yes to possibly yes’). Most participants
(42 of 44 [95.4%]) believed that a minimum case volume
per year is essential for a center to offer open AAA repair/
EVAR. Of these, 5 of the 42 participants (11.9%) made a
clear distinction between open AAA repair and EVAR;
although a minimum annual volume was thought to
be essential for open AAA repair procedures to maintain
the required skills and the low perioperative mortality
and morbidity rates, this was not judged to be a prereq-
uisite for standard infrarenal EVAR procedures.
Furthermore, 33 of 44 participants (75.0%) believed that

AAA screening programs are still/are probably still clini-
cally effective and cost-effective. Of these, 4 of the 33
(12.1%) supported that AAA screening programs may be
clinically effective, but were unsure if they are still cost-
effective. Additionally, most panelists (36 of 44 [81.9%])
voted that surveillance after EVAR should be lifelong,
although 3 of 36 (8.3%) supported that surveillance may
no longer be meaningful after some time (eg, after 8-
10 years), if the patient gets too old, and/or is no longer
fit for an additional procedure (if he/she requires one),
or there is complete regression of the AAA sac. Finally,
35 of 44 participants (79.7%) thought that women
smokers should or should probably/possibly be consid-
ered for screening at 65 years of age, similar to men.
No consensus was achieved on whether the threshold
for intervention should be lowered and on the need for
thromboprophylaxis in patients undergoing EVAR.
DISCUSSION
The responses of the 44 Delphi consensus participants

for each topic are presented, analyzed and discussed.

Should the size threshold for elective AAA repair be
lowered to 5.0 cm for male and to 4.8 cm for female
patients in the endovascular era?. According to the 2018
SVS guidelines,1 elective repair is recommended for
males with an asymptomatic fusiform AAA $55 mm
(Level of recommendation: 1 [strong]; Quality of Evidence:
A [high]) and females with an asymptomatic AAA
$50 mm (Level of recommendation: 2 [weak]; Quality of
Evidence: B [moderate]). The more recent 2024 ESVS
Guidelines recommended that men with an AAA
$55 mm should (Class: IIa; Level of Evidence: B) and
women with an AAA $50 mm may be considered for
elective repair (Class: IIb; Level of Evidence: C).2 The Eu-
ropean guidelines recommended against elective repair
of AAAs <55 mm in men (Class III, Level of Evidence: A)
and 50 mm in women (Class III, Level of Evidence: C).2

Contrary to these recommendations, up to nearly 40%
of AAAs in the United States are repaired below the
recommended thresholds.10-12 Of 44,820 elective AAA
repairs in the Vascular Quality Iniatitive, 17,057 (38%) were
below the currently recommended size thresholds (40%
EVAR and 26% open AAA repair).12 Patients who were
operated below size recommendations had lower in-
hospital death than those who were repaired above the
recommended threshold (for EVAR: 0.3% vs 0.8%,
respectively [P < .0001]; for open AAA repair: 2.4% vs
4.6%, respectively [P < .0001]).12 There were several rea-
sons for offering elective repair below the recommended
thresholds, eg, concomitant iliac aneurysm (23%),
saccular AAA (10%), rapidly expanding AAA (10%), patient
anxiety (7%), distal embolism (3%), not documented
(41%), and other (6%).12

In a recent analysis of the Vascular Quality Initiative
database of all ruptured AAA cases between 2003 and
2020, 12.2% of ruptures occurred in small (<5.5 cm for
males and <5.0 cm for females) AAAs (mean AAA diam-
eter, 42.3 mm).13 Patients with small ruptured AAAs were
more likely to be younger, African American, have a lower
body mass index, and have hypertension.13

Similar conclusions were reached in an earlier indepen-
dent study evaluating characteristics and outcomes of
small AAA ruptures in the American College of Surgeons
National Surgical Quality Improvement Program data-
base from 2011 to 2018.14 Of 1612 repairs performed for
ruptured AAA, 167 (10.4%) were for small AAAs. The
mean small, ruptured AAA diameter was 4.1 cm in
women and 4.5 cm in men.14 Patients presenting with
a ruptured small AAA once again had a significantly



Table I. Responses of the Delphi consensus participants
to the topic: “Should the size threshold for elective
abdominal aortic aneurysm (AAA) repair be lowered to
5.0 cm for male and to 4.8 cm for female patients in the
endovascular era?”

First
round

Second
round

Third
round

Yes 5 (11.4) 4 (9.1) 3 (6.8)

Probably yes 7 (15.9) 5 (11.4) 6 (13.6)

Possibly yes 5 (11.4) 6 (13.6) 6 (13.6)

Uncertain/unknown/
unproven/no opinion

2 (4.5) 1 (2.3) 1 (2.3)

Possibly no 4 (9.1) 5 (11.4) 4 (9.1)

Probably no 6 (13.6) 6 (13.6) 8 (18.2)

No 15 (34.1) 17 (38.6) 16 (36.4)

Total 44 (100) 44 (100) 44 (100)

Values are number (%).
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lower body mass index and were more likely to be Afri-
can American and to have hypertension.14

In contrast, a recent study used a Markov chain analysis
to estimate life expectancy and AAA rupture rates for pa-
tients with AAAs.15 It was demonstrated that the annual
risk of all-cause mortality under surveillance for a 60-
year-old man presenting with a 5.5-cm AAA is 2.3%,
2.9%, 3.3%, and 3.4% using repair thresholds of 5.5 cm,
6.0 cm, 6.5 cm, and 7.0 cm, respectively.15 The corre-
sponding risk for a 60-year-old woman presenting with
a 5.0-cm AAA was 1.7%, 2.3%, 2.7%, and 2.8% for the
same repair thresholds, respectively. It was supported
that for a 60-year-old woman in average health, an
AAA repair size of 6.1 cm was the optimal threshold to
minimize AAA-related mortality, whereas it was 6.9 cm
for a 60-year-old man in average health.15 For men and
women in poor health, the optimal AAA repair size
threshold was >8.0 and >6.5 cm, respectively.15 It was
claimed that the optimal threshold for AAA repair varies
with patient sex, age, and comorbidities, and there
seems to be a range of AAA sizes for which repair is
reasonable. However, all AAA sizes are greater than the
current guideline recommendations.15 It was therefore
concluded that contemporary AAA size thresholds for
repair should be reconsidered.15

A key point to consider is the difference in orthogonal
and axial measurements when calculating the
maximum aortic diameter. Axial measurements overesti-
mate the maximum diameter by #12.3 mm.16 This point
is crucial because an AAA may have an axial maximum
diameter of >5.5 cm, indicating the need for interven-
tion, whereas the orthogonal diameter is below the
threshold.16

As a result of the conflicting results from the literature,
there was no consensus reached among the Delphi par-
ticipants about whether the size threshold for elective
repair should be lowered to <5.0 cm for males
and <4.8 cm in women. Most participants (28 of 44
[63.6%]) thought that the size threshold for elective
repair should not or should probably/possibly not be
lower than the currently recommended values, while
approximately a third of the panelists (15 of 44 [34.1%])
voted that the size threshold should or should prob-
ably/possibly be lowered in the endovascular era
(Table I). The Women’s Aneurysm Research: Repair
Immediately Or Routine Surveillance (WARRIORS) trial
is an upcoming international RCT evaluating whether
or not women with small asymptomatic AAAs would
benefit from being offered EVAR at smaller diameters
than the currently recommended in clinical guidelines.17

The results of this RCT will hopefully provide a more
definitive answer on the topic.

Are AAA screening programs still clinically effective
and cost effective today?. According to the 2018 SVS
practice guidelines for AAA patients,1 a one-time
ultrasound screening should be offered in men and
women aged 65 to 75 years with a history of smoking
(Grade 1A). A weaker recommendation was provided for
men and women >75 years in good health and history of
tobacco use who were not previously screened (Grade
2C) and first-degree relatives aged $65 years of patients
presenting with an AAA who are in good health (Grade
2C). The 2024 ESVS2 Guidelines changed their recom-
mendation from 2019, where they recommended pop-
ulation screening for all men at age 65 years (Class I; Level
of Evidence A),3 and recommended ultrasound
screening for the early detection of AAA in high-risk
populations to decrease death from AAA rupture (Class
I; Level of Evidence: A). The definition of high-risk pop-
ulations varies based on local conditions, such as disease
prevalence, life expectancy, and health care structure.2

Owing to the decrease in smoking rates during recent
years, it was argued that national screening programs
may no longer be effective clinically or cost effective.18

An analysis of individual patient data on the incidence
of AAA, AAA mortality, and surgery for AAA in a cohort
of Swedish men aged 65 years showed that AAA mortal-
ity had decreased considerably between the early 2000s
and 2015, and AAA screening was no longer associated
with a significant decrease in AAA-related mortality.19

These data are, however, contradicted by national
screening studies in Sweden, which suggest that
screening among 65-year-old men has resulted in a sig-
nificant reduction in AAA-related mortality.20 Owing to
the lower prevalence of AAAs in females, it was sup-
ported that an AAA screening program for women may
not be cost effective.21

In contrast, a recent cost-utility analysis from Ontario,
Canada, compared a one-time ultrasound-based AAA
screening vs no screening for people aged 65 years.22 It
was demonstrated that screening decreased the lifetime
risk of AAA-related deaths from 0.53% to 0.08% (84.9%)



Table II. Responses of the Delphi consensus participants
to the topic: “Are abdominal aortic aneurysm (AAA)
screening programs still clinically effective and cost-
effective today?”

First
round

Second
round

Third
round

Yes 12 (27.3) 13 (29.5) 14 (31.8)

Probably yes 16 (36.4) 19 (43.3) 19 (43.3)

Possibly yes 3 (6.8) 3 (6.8) 2 (4.5)

Uncertain/unknown/
unproven/no opinion

5 (11.4) 3 (6.8) 3 (6.8)

Possibly no 3 (6.8) 2 (4.5) 2 (4.5)

Probably no 3 (6.8) 1 (2.3) 1 (2.3)

No 2 (4.5) 3 (6.8) 3 (6.8)

Total 44 (100) 44 (100) 44 (100)

Values are number (%).
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in males and from 0.21% to 0.04% (81.0%) in females. At a
willingness to pay threshold of $50,000/year, screening
was cost effective in 84% of males and 90% of females.22

An earlier cost data analysis using the Veterans Affairs
data in the United States similarly concluded that AAA
screening programs are still feasible and cost effective.23

A Markov model study performed in Sweden suggested
that screening for AAAs among men remains cost effec-
tive, even if the prevalence of the disease is as low as
0.5%.24 Although the prevalence of AAAs has been lower
in recent reports from screening programs compared
with the original RCTs evaluating the possible benefit
of AAA screening, the current prevalence reported from
Sweden and the UK is above this threshold level.25

It has been supported that vascular surgeons fall short
in patient screening for AAAs.26,27 There are three patient
populations that are excluded from the guidelines, but
are worthy of further examination to reconsider
coverage, namely, nonsmokers with other equivalent
risk factors, patients >75 years, and women.26,27 At pre-
sent, only women aged 65 to 75 years with a family his-
tory of AAA may undergo screening. In the absence of
a positive family history, even a woman with multiple
risk factors and a high risk of AAA would not qualify for
screening.26,27 Despite the current guidelines and
recommendations, <15% of eligible patients undergo
AAA screening.28 It was thus supported that AAA
screening should be expanded.29

A study retrospectively attempted to define the num-
ber of patients who would have been identified as hav-
ing criteria for screening for AAA among 55,197 patients
undergoing AAA repair in the Vascular Quality Initiative
(44,602 undergoing EVAR and 10,595 undergoing open
repair).30 It was demonstrated that by use of the US Pre-
ventive Services Task Force guidelines fewer than one-
third of the patients would have been identified (32%
EVAR and 33% open repair).30 By application of the SVS
guidelines, the number of patients meeting the criteria
for screening increased by 6% for EVAR and by 12% for
the open repair cohorts. Finally, adoption of the
expanded SVS criteria (ie, men or women $65 years of
age with first-degree relatives with AAA and men or
women >75 years with a history of tobacco use)
increased the rate of identified patients by 34% among
the EVAR cohort and by 33% among the open repair
group.30 Still, 28% of patients undergoing AAA repair
did not meet any criteria for screening, in particular
patients <65 years with a history of heavy tobacco use
and those $65 years with no smoking history.30

Overall, 75% of the Delphi consensus participants (33 of
44) voted that AAA screening programs are (probably)
still clinically effective and cost-effective today (Table II),
although 4 participants supported that such screening
programs are clinically effective, but may not be cost
effective.
Is prophylaxis for deep venous thrombosis needed for
patients undergoing EVAR?. Whether or not AAA pa-
tients undergoing EVAR should receive prophylaxis for
deep venous thrombosis is another controversial issue.
Earlier studies have produced conflicting results, with
some centers reporting a low incidence31 and others
reporting a high incidence of deep venous thrombosis
after EVAR.32

A single-center study reporting the rate of venous
thromboembolism (VTE) in patients (n ¼ 1021) undergo-
ing EVAR or open AAA repair over 15 years (February
2001 to December 2016; 59% EVAR; 41% open AAA
repair) reported an incidence of 2.4% after open repair
compared with 1.0% after EVAR.33 These results were
verified in a study reporting the incidence of VTE after
elective vascular procedures (n ¼ 45,548) in the 2007-
2009 National Surgical Quality Improvement Program
database.34 Of these, there were 6195 open AAA surgery
and 7361 EVAR procedures. VTE was diagnosed in 1.7%
of patients undergoing open AAA surgery and 0.7% of
those undergoing EVAR.34

A systematic review and meta-analysis (n ¼ 42 studies;
20,753 patients) compared VTE complications in patients
receiving some form of VTE prophylaxis (n ¼ 13,241 [64%])
vs those without VTE prophylaxis (n ¼ 7512 [36%]).35 Of
the 13,241 patients receiving some form of VTE prophy-
laxis, 197 (1.5%) developed VTE, whereas of the 7512 pa-
tients not receiving any prophylaxis, 72 (0.96%)
developed VTE. It was claimed that the risk of VTE after
open aortic reconstruction is 13% to 18% and it is not
decreased by VTE prophylaxis. For EVAR patients, the
risk of VTE is around 6% and this incidence may be
decreased by VTE prophylaxis.35 The authors concluded
that, based on the findings of their systematic review, it
seems reasonable to suggest that all vascular surgery pa-
tients should receive pharmacological VTE prophylaxis in



Table III. Responses of the Delphi consensus participants
to the topic: “Is prophylaxis for deep venous thrombosis
needed for patients undergoing endovascular abdominal
aortic aneurysm repair (EVAR)?”

First
round

Second
round

Third
round

Yes 7 (15.9) 9 (20.4) 10 (22.6)

Probably yes 9 (20.4) 12 (27.4) 13 (29.7)

Possibly yes 6 (13.6) 5 (11.4) 4 (9.1)

Uncertain/unknown/
unproven/no opinion

2 (4.5) - -

Possibly no 5 (11.4) 6 (13.6) 6 (13.6)

Probably no 8 (18.3) 6 (13.6) 5 (11.4)

No 7 (15.9) 6 (13.6) 6 (13.6)

Total 44 (100) 44 (100) 44 (100)

Values are number (%).
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the perioperative period to prevent VTE events in a few
patients. However, if a surgeon deems a patient to be
at high risk for bleeding, it may be reasonable to avoid
pharmacological VTE prophylaxis in the immediate post-
operative period, because this may be associated with
increased risk of bleeding.35

The 2024 ESVS AAA guidelines added a new recom-
mendation regarding thromboprophylaxis in patients
undergoing AAA repair.2 It was stated that, although
routine VTE prophylaxis is recommended after major
abdominal and orthopedic surgeries, there is a paucity
of literature that addresses the effectiveness of VTE pro-
phylaxis specifically in the AAA repair setting.2 It was rec-
ommended that all patients undergoing elective AAA
repair and deemed at risk of postoperative VTE should
be considered for thromboprophylaxis (Class: IIa; Level
of Evidence: C).2 This recommendation expanded the
2018 SVS AAA guidelines, which provided a strong
recommendation for intermittent pneumatic compres-
sion and early ambulation for all patients undergoing
open AAA repair or EVAR (Level: I [strong]; Quality of Ev-
idence: A [high]).1 A weaker recommendation for throm-
boprophylaxis with unfractionated or low-molecular-
weight heparin was suggested for patients undergoing
AAA repair at moderate to high risk for VTE and low
risk of bleeding (Level of recommendation: 2 [weak];
Quality of Evidence: C [low]).1

The votes of the Delphi consensus participants were
mixed on this issue reflecting the uncertainty in the pub-
lished literature. Approximately 60% of the group provided
a stronger or weaker support for thromboprophylaxis for
patients undergoing EVAR, whereas the remaining 40%
did not think that thromboprophylaxis is necessary
(Table III). For patients undergoing standard EVAR proced-
ures, routinely receiving heparin during the procedure,
who are mobilized the same day of the procedure and
are discharged home quickly postoperatively (eg, within
1 day), it was thought that thromboprophylaxis may not
be necessary.

Should there be a minimum case volume for a center
to offer open AAA repair/EVAR?. The 2018 SVS guide-
lines suggested that elective EVAR be performed at cen-
ters with a volume of $10 EVAR cases each year and a
documented perioperative mortality and conversion
rate to open surgery of #2%.1 According to the 2024
ESVS guidelines, centers performing AAA repair should
not have a yearly total caseload of <30 procedures,
and <than 15 each by open and endovascular methods
(Class: III; Level of Evidence: B).2

A study using data from the Medicare program of the
National Inpatient Sample identified all elective AAA re-
pairs between 2001 and 2008 (n ¼ 122,495 patients;
EVAR, 77,044; open repair, 45,451).36 For EVAR, periopera-
tive mortality did not differ by surgeon volume (quintile 1,
0-9 EVAR procedures [1.9%]; quintile 5, 28-151 EVAR
procedures [1.6%]; P ¼ .29), but decreased with greater
hospital volume (quintile 1, 0-9 EVAR procedures [1.9%];
quintile 5, 49-198 EVAR procedures [1.4%]; P < .01).36 For
open repair, perioperative mortality decreased with
both higher surgeon volume (quintile 1, 0-3 open repairs
[6.4%]; quintile 5, 14-62 open repairs [3.8%]; P < .01) and
hospital volume (quintile, 1 0-5 open repairs [6.3%]; quin-
tile 5, 14-62 open repairs [3.8%]; P < .01).36 Surgeon vol-
ume was not associated with perioperative mortality
after EVAR after adjustment for patient comorbidities
and hospital volume. In contrast, higher surgeon volume
was associated with lower perioperative mortality after
open repair (P < .05).36

International registry-based evaluations of volume
outcome in aortic surgery have been performed by the In-
ternational Consortium of Vascular Registries.37 In an anal-
ysis of 178,302 aortic repairs performed in 11 countries, a
distinct volume-outcome relationship was present for
open aortic repair with perioperative mortality as the
measured outcome. The threshold at which the volume-
outcome relationship stabilized was calculated to be at
an annual center volume of 13 to 16 open aortic repairs.37

The volume-outcome relationship in aortic surgery is likely
to be related to the concept of failure to rescue, which as-
sesses the possibility to rescue a complication and avoid
fatality.38 Failure to rescue is more common in low-
volume centers both after open repair and EVAR.38

A similar study from the UK investigating the volume-
outcome relationship in elective AAA surgery included
31,829 procedures (8867 open AAA repairs and 22,962
EVAR).39 For open surgery, lower surgeon annual volume
was associated with a higher 30-day mortality and
length of hospital stay greater than the median. For
EVAR, lower surgeon annual volume was associated
with not having an overnight stay in critical care. None
of the other volume-outcome relationships investigated
were significant.39



Table IV. Responses of the Delphi consensus participants
to the topic: “Should there be a minimum case volume for
a center to offer open abdominal aortic aneurysm (AAA)
repair or endovascular abdominal aortic aneurysm repair
(EVAR)?”

First
round

Second
round

Third
round

Yes 27 (61.2) 33 (77.1) 35 (79.4)

Probably yes 11 (25.1) 8 (18.3) 7 (16.0)

Possibly yes 5 (11.4) 1 (2.3) 1 (2.3)

Uncertain/unknown/
unproven/no opinion

- 1 (2.3) 1 (2.3)

Possibly no - 1 (2.3) -

Probably no 1 (2.3) - -

No - - -

Total 44 (100) 44 (100) 44 (100)

Values are number (%).
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A different conclusion was reached in a nationwide
study from Germany including 84,631 intact AAAs.40

The crude overall in-hospital mortality for intact AAA
repair was 3.3% (1.7% for EVAR and 5.3% for open AAA
surgery). Hospitals were listed in four quartiles depend-
ing on the number of AAA procedures/year performed.
Within quartile 1, hospitals performed a median number
of three AAA operations per year. Within quartile 4, hos-
pitals operated on a median of 57 AAA patients per
year. Volume was associated inversely with mortality af-
ter both open AAA repair and EVAR. The relative risk
for in-hospital mortality was higher in quartile 1 hospitals
for both EVAR (3.0% for quartile 1 vs 1.6% for quartile 4)
and open AAA repair (7.6% for quartile 1 vs 4.5% for quar-
tile 4).40 Several recent studies verified the association
between high case volume and lower mortality rates in
both open AAA repair and EVAR.41-43

Most Delphi consensus participants (42 of 44 [95.4%])
voted that there should be/there should probably be a
minimum case volume for a center to offer open AAA
repair/EVAR (Table IV). Of these, 5 of the 42 participants
(11.9%) thought that a minimum case volume was neces-
sary for open AAA surgery, but not for EVAR.

Should surveillance after EVAR be lifelong?. According
to the 2018 SVS Guidelines, lifelong surveillance after
EVAR is required for the detection of endoleaks or device
migration.1 However, in the last couple of years, the need
for lifelong surveillance after EVAR has been questioned.
A multicenter, retrospective, observational study
included all consecutive patients (n ¼ 1596) at 16 aca-
demic and teaching hospitals in the Netherlands with an
AAA who underwent elective EVAR between January
2007 and January 2012.44 Of these, 552 patients had
continued yearly imaging surveillance, and 1044 dis-
continued. Freedom from AAA-related death was 96.9%
and 92.0% at 5 and 10 years for patients with continued
follow-up, and it was 99.7% and 98.0% at 5 and 10 years,
respectively, for patients who discontinued follow-up (log
rank P < .001).44 Overall survival was higher in patients
with discontinued imaging follow-up (log rank P < .001).
Overall survival was 80.3% and 49.6% at 5 and 10 years for
patients with discontinued imaging follow-up, while it
was 58.6 and 35.5% at 5 and 10 years for patients with
continued follow-up. Twenty-nine patients (1.8%) pre-
sented with AAA rupture (10 of 552 vs 19 of 1044 patients,
or 1.8% vs 1.8%, respectively).44 The causes of aneurysm
rupture were type I endoleak in 15 patients (3 of 15 pre-
viously detected on imaging surveillance), type II endo-
leak in 3 patients (2 of 3 previously detected), 1 patient
with a type III endoleak (not previously detected), 2 pa-
tients with endograft kinking (not previously detected),
and in 8 patients no cause or previously detected ab-
normalities were recorded.44 It was concluded that dis-
continued follow-up is not associated with poor
outcomes.44
The 2024 ESVS AAA guidelines2 suggested a follow-up
algorithm after EVAR, risk stratifying patients into three
groups. The first is the low-risk group (no endoleak, anat-
omy within the instructions for use, and no high-risk fea-
tures, such as a proximal neck diameter of <30 mm,
angulation of <60�, and iliac diameter of <20 mm).
These patients could be considered for limited follow-
up, with delayed imaging until 5 years after repair. The
second is the high-risk group (presence of type II endo-
leak, anatomy outside the instructions for use, insuffi-
cient overlap or seal <10 mm, proximal neck >30 mm,
ectatic iliac fixation zones [>20 mm] or extreme angula-
tion [>60�]). These patients could be considered for
yearly examinations with either computed tomography
angiography or duplex ultrasound examination. Patients
with sac shrinkage of $10 mm can be regarded as low
risk of failure, cross over to the low-risk group, and repeat
imaging only until 5 years after the operation. The third
group is the EVAR failure group (direct type I or type III
endoleak, obvious degradation of seal zones, or aneu-
rysm sac growth of >10 mm) that should be considered
for secondary intervention.
Although most Delphi consensus participants (36 of 44

[81.9%]) voted that surveillance after EVAR should be/
should probably be lifelong, 3 of 36 (8.3%) argued that
surveillance may be of little meaning if the patient gets
too old and/or is no longer fit for an additional procedure
(if he/she requires one), or there is complete regression of
the AAA sac (Table V).

Should women smokers be screened for AAAs at
65 years of age, similar to men?. The pooled prevalence
of AAAs in women over 60 years has been estimated to
be approximately 0.7%, ie, up to 4 times less than in
men.45-47 Despite this much lower prevalence,
women with AAAs are four times more likely to



Table V. Responses of the Delphi consensus participants
to the topic: “Should surveillance after endovascular
abdominal aortic aneurysm repair (EVAR) be lifelong?”

First
round

Second
round

Third
round

Yes 18 (40.1) 26 (59.2) 26 (59.2)

Probably yes 14 (32.6) 10 (22.7) 10 (22.7)

Possibly yes 1 (2.3) - -

Uncertain/unknown/
unproven/no opinion

3 (6.8) 2 (4.5) 2 (4.5)

Possibly no 2 (4.5) - -

Probably no 5 (11.4) 3 (6.8) 3 (6.8)

No 1 (2.3) 3 (6.8) 3 (6.8)

Total 44 (100) 44 (100) 44 (100)

Values are number (%).

Table VI. Responses of the Delphi consensus participants
to the topic: “Should women smokers be screened for
abdominal aortic aneurysms (AAAs) at 65 years of age
similar to men?”

First
round

Second
round

Third
round

Yes 14 (31.8) 13 (29.5) 12 (27.2)

Probably yes 13 (29.5) 14 (31.8) 16 (36.6)

Possibly yes 6 (13.6) 8 (18.4) 7 (15.9)

Uncertain/unknown/
unproven/no opinion

5 (11.4) 3 (6.8) 3 (6.8)

Possibly no 1 (2.3) 2 (4.5) 2 (4.5)

Probably no 4 (9.1) 2 (4.5) 2 (4.5)

No 1 (2.3) 2 (4.5) 2 (4.5)

Total 44 (100) 44 (100) 44 (100)

Values are number (%).
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experience an AAA rupture compared with men of the
same age, and have >40% higher in-hospital mortality
rates after elective EVAR or open AAA repair proced-
ures compared with men.45-47 It was supported that
these higher mortality rates may have an impact on
the benefit offered by any screening program offered
to women.46

In contrast, a large study (n ¼ 65,125 admissions for
ruptured AAAs and 461,191 repairs for intact AAAs)
demonstrated that nearly 60% of patients who had un-
dergone repair for ruptured AAAs did not meet the
criteria for screening.48 Of the patients who did not
qualify, 27,653 (63%) were aged >75 years, 10,603
(24%) were aged <65 years and 16,103 (36%) were
women.48 Female patients accounted for dispropor-
tionally high percentages of in-hospital mortality,
comprising 35% of deaths for all patients with AAA
rupture and 27% of deaths after repair. Women had a
postoperative mortality rate of 41% (31% with EVAR vs
45% for open ruptured AAA repair; P < .001).48 The find-
ings of this study hold implications for screening. As
the authors supported, Medicare only reimburses
screening for women with a family history of AAA,
which according to presented data, would only be
2% of those women whose AAA will rupture.48 Further-
more, it was argued that the United States Preventive
Services Task Force recommending against screening
women,49 excludes approximately 30% of the patients
presenting with a ruptured AAA.
Most Delphi consensus participants (35 of 44 [79.7%])

provided either stronger or weaker support for screening
women smokers at 65 years of age, similar to men
(Table VI).

Limitations. A Delphi consensus has inherent and spe-
cific limitations. Although the participants were highly
experienced and voted based on their personal expertise
and the available literature, their responses were subjec-
tive and not based on Level I evidence. Furthermore, the
individual experience of the participants in open aortic
reconstruction/open retroperitoneal work and/or endo-
vascular procedures has an important role in decision-
making and may have influenced their vote. The
learning curve on some procedures (eg, open aortic
reconstruction or complex AAA surgery) varies for
different surgeons and it may not be easy to establish
how many cases one needs to be labeled as proficient in
a given surgical procedure. All panelists were either from
the United States or from the European Union. Selection
of different experts to participate in a similar Delphi
consensus from other countries or continents could lead
to different results and conclusions. In addition, female
participants were under-represented in the present
Delphi consensus document either because they
declined or because they failed to respond to the invi-
tation to participate. A greater participation of female
participants could have resulted in different responses.
Finally, the views of experts from different countries may
be influenced by local market needs, or may apply to the
population of this particular country and may not be
generalizable.

CONCLUSIONS
This international, expert-based Delphi consensus

document provides some guidance for clinicians on spe-
cific controversial or unresolved topics in the manage-
ment of patients with infrarenal AAAs. Although a
consensus was achieved in certain topics, this was not
possible in others, highlighting the need for further
research and better quality evidence.
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